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Infants’ prelinguistic vocalizations reliably organize vocal turn-taking with social part-
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ners, creating opportunities for learning to produce the sound patterns of the ambient
language. This social feedback loop supporting early vocal learning is well-documented,
but its developmental origins have yet to be addressed. When do infants learn that

their non-cry vocalizations influence others? To test developmental changes in infant
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vocal learning, we assessed the vocalizations of 2- and 5-month-old infants in a still-
face interaction with an unfamiliar adult. During the still-face, infants who have learned
the social efficacy of vocalizing increase their babbling rate. In addition, to assess the
expectations for social responsiveness that infants build from their everyday expe-
rience, we recorded caregiver responsiveness to their infants’ vocalizations during
unstructured play. During the still-face, only 5-month-old infants showed an increase
in vocalizing (a vocal extinction burst) indicating that they had learned to expect adult
responses to their vocalizations. Caregiver responsiveness predicted the magnitude
of the vocal extinction burst for 5-month-olds. Because 5-month-olds show a vocal
extinction burst with unfamiliar adults, they must have generalized the social effi-
cacy of their vocalizations beyond their familiar caregiver. Caregiver responsiveness
to infant vocalizations during unstructured play was similar for 2- and 5-month-olds.
Infants thus learn the social efficacy of their vocalizations between 2 and 5 months of
age. During this time, infants build associations between their own non-cry sounds and

the reactions of adults, which allows learning of the instrumental value of vocalizing.
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1 | INTRODUCTION

Esparza et al., 2017). By 9 months, infants produce more speech-like

vocalizations as a result of caregiver contingent feedback on their

The prelinguistic vocalizations of infants are potent signals which
drive early vocal turn-taking with social partners. Babbling elicits
bouts of spontaneous vocal turn-taking with caregivers, providing
infants with opportunities for communicative learning from social
responses to their vocalizations (Albert et al., 2018; Gratier et al.,
2015; Jaffe et al.,, 2001). Human infants have a long period of vocal
immaturity, during which vocal development seems particularly
open to social input (e.g., Goldstein & Schwade, 2010; Ramirez-

vocalizations (Goldstein & Schwade, 2008; Goldstein et al., 2003).
In addition, caregivers of 9-month-old infants simplify the content
of their speech that is contingent on babbling, creating a favorable
environment for vocal learning (Elmlinger et al., 2019, 2019b). Thus,
vocal development is a socially situated process, characterized by a
feedback loop in which babbling both influences and is influenced
by social interaction (Goldstein & Schwade, 2010; Warlaumont et al.,
2014).
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How does the feedback loop itself develop? An infant’s first year of
life involves extensive changes in vocal production (Oller, 2000). Within
the first 3 months, infants’ early non-cry vocalizations (squeals, growls
and vowel-like sounds) are produced in a functionally flexible manner
such that sounds are not coupled to specific states or objects (Jhang &
Oller, 2017; Oller et al., 2013). Although these early vocalizations are
not yet speech-like, their functional flexibility affords infants the explo-
ration of both the form and function of their sounds (Oller et al., 2019).
In light of these findings, most research on infant vocal development
focuses on acoustic changes, termed production learning (Goldstein &
Schwade, 2008; Janik & Slater, 2000; McLeod & Crowe, 2018; Vih-
man, 2017). Production learning is sensitive to the social environment
because infants reorganize their vocal repertoires as they are influ-
enced by their exposure to lexical forms of the ambient language (Ha
et al,, 2021). Infants’ vocal repertoires are sensitive to social input,
and infant vocalizations reliably elicit changes in the immediate social
environment (Elmlinger et al., 2021; Faust et al., 2020; Goldstein &
Schwade, 2010).

How do infants learn that their own vocalizations elicit learn-
ing opportunities from social contexts? The answer to that question
requires studying the effects of social responsiveness on vocal produc-
tioninyounger infants, before they are producing canonical syllables or
first words. Within the first 6 months, infants exhibit contextual learning
inwhich infants learn that their babbling elicits contingent, prompt and
positive social responses from caregivers (Goldstein & Schwade, 2010;
Janik & Slater, 2000). Thus, a critical task of prelinguistic vocal devel-
opment is to learn the affordances of social contexts that facilitate
advances in vocal development. In our view, the social-vocal feedback
loop rests on the developing awareness that social partners’ responses
contain useful information about the communicative force of infants’
early babbling. The present study investigates this foundational form
of contextual vocal learning.

Evidence for such learning comes from infants’ reaction when social
responses are withheld. Five- and 6-month-old infants temporarily
increase their rate of vocalizing when adult social responses cease
(Bourvis et al., 2018; Franklin et al., 2013; Goldstein et al., 2009).
Results from human and non-human animals demonstrate that once
associations between a behavior and its result are learned, removing
the contingency between behavior and consequence causes distinct
changes in behavior (McConnel & Miller, 2014). After the contin-
gency is removed, the rate of the specific behavior which elicited the
contingency temporarily increases and then immediately decreases.
For example, if children find a previously functional marble dispenser
suddenly inoperable, they react by pressing the previously func-
tional button with greater intensity (Holton, 1961). This pattern of
increase followed by decrease is called an “extinction burst” because
an extinction of an expected consequence elicits a burst of behav-
ior (Amsel, 1958; Dunsmoor et al., 2015; McConnel & Miller, 2014).
Infants’ temporary increase in vocal activity when social feedback is
extinguished-a vocal extinction burst (VEB)-likely reflects that infants
have learned the social efficacy of their vocalizations (Figure 1). The
VEB is an outcome of instrumental vocal learning, as infants have

specifically associated their own vocal actions with social response
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RESEARCH HIGHLIGHTS

* Infants’ knowledge of the social efficacy of their vocal-
izations gradually emerges over the first 5 months of
life.

« Caregiver responsiveness to infants’ vocalizationsis linked
to infants’ developing expectation that their vocalizations
have social effects on novel social partners.

* We provide evidence of a candidate mechanism of infants’
learning how to learn early pragmatic and social precur-
sors to engagement in mature conversation.

* We propose a new theoretical framework connecting
vocal and social development based on infants’ construc-
tion of social expectations.
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FIGURE 1 Depiction of the vocal extinction burst (VEB), in which

extinction (i.e., cessation) of social responsiveness during the still face
period results in a burst of infant vocalizing. The red vertical dash
indicates peak vocalizing, after which point vocalizing decreases. The
VEB is calculated by subtracting the number of infants’ vocalizations
per minute during Interaction 1 from their vocalizations per minute
during Still Face. Under the social expectancy hypothesis, the VEB is
driven by infants’ expectations that their vocalizations elicit changes in
caregiver behavior based on their prior experiences in naturalistic
interaction

outcomes. When the learned behavior no longer results in the event,
the learner first increases the production of the behavior and then
immediately decreases (Mackintosh, 1975). While 1- to 3-month-old
infants vocalize during a cessation of adult responding, whether their
vocalizations follow a burst pattern is unknown (Bigelow & Power,
2016).

While many studies have focused on prelinguistic vocal learning
and phonological development, much less attention has been paid to
the even earlier process of contextual vocal learning. In the present
study, we tested 2- and 5-month-olds in a still-face paradigm to assess
developmental changes in the sensitivity of early babbling to perturba-
tions of social responsiveness. The still-face paradigm has been widely

used in studies of social and emotional development (e.g., Adamson &
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Frick, 2003; Mesman et al., 2009). The paradigm consists of a social
interaction between an infant and an adult. After a brief period of
naturalistic interaction, the caregiver becomes silent and maintains a
neutral expression while looking at the infant (Bornstein et al., 2004;
Tronick et al., 1979). After 2 min, the caregiver resumes typical interac-
tion (Bornstein et al., 2004). During all three episodes, infant behavior
is observed to determine whether the infant has detected a change in
social responsiveness during the still face. Infants are typically moni-
tored for changes in affect and self-regulation (e.g., self-touching and
averting gaze from the caregiver). At the onset of the still-face episode,
infants between 1 and 4 months often orient toward their mother and
smile. This initial increase in orienting and smiling is interpreted as an
attempt by the infant to reengage the social partner (Tronick et al.,
1979). From about 1.5 months of age, infants respond to the continued
lack of social interaction during the still-face episode with gaze aver-
sion and decreased smiling (Adamson & Frick, 2003; Striano & Bertin,
2005). Six-month-old infants typically show logarithmic decreases in
gaze to parent and smiling across the still face episode (Ekas et al.,
2013).

We hypothesize that the sensitivity of vocal production to changes
in the social context is grounded in the development of infants’ predic-
tions about the social effects of their vocalizations (Faust et al., 2020;
Pickering & Garrod, 2013). Each infant brings to the still face paradigm
a months-long developmental history of social interaction that has
afforded opportunities for learning and the building of expectations
for future social engagement. Grounding early vocal learning in the
imperfect contingencies of social interaction may provide an explana-
tion for the large individual differences in the VEB that were observed
at 5 months (Goldstein et al., 2009) and 6 months (Bourvis et al.,
2018; Franklin et al., 2013). A review of the still face paradigm illus-
trated relations between maternal sensitivity during the first episode
of naturalistic interaction and infants’ visual gaze and emotional reac-
tions during the following still-face episode (Mesman et al., 2009). For
example, maternal sensitivity to 6-month-old infants during the first
interaction period is correlated with more positive infant behaviors
during the still face period (Tronick et al., 1982). Such correlations may
be a product of the immediately preceding maternal interaction or may
result from the infant-caregiver dyads’ history of interaction (Bigelow
et al., 2018; Mesman et al., 2009). While social interaction history is
thus acknowledged as a potent force in socio-emotional development,
it has received much less attention in the domain of early vocal learning.

In our view, the vocal extinction burst (VEB) is built on infants’ social
expectations that they have formed with their caregiver through every-
day social interaction. Learning simple associations between one’s own
babbling and contingent social responses allow the infant to gradually
form a generalized prediction that their vocalizations elicit responses
from their social environment. We refer to this idea as the social
expectancy hypothesis (Figure 1).

As the VEB is a key indicator of contextual vocal learning, what is
the developmental trajectory of the VEB? We hypothesize that the
VEB should emerge gradually because the social contingencies that
afford prediction are imperfect. During in-home naturalistic inter-

action, approximately 30% of vocalizations obtain verbal responses
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from caregivers (Fagan & Doveikis, 2017). In non-vocal domains, for
example, head movement to activate a mobile (Watson, 1967) or arm
movement to trigger music (Sullivan & Lewis, 2003), learning from
such imperfect contingencies develops slowly. Infants show evidence
of learning from imperfect contingencies between their own behavior
and external events around 4-5 months of age (Sullivan & Lewis, 2003).
If early vocal learning from social feedback is based on similar general
mechanisms of learning (Tarabulsy et al., 1996), then infants may not
be able to learn the social efficacy of their non-cry vocalizations until
4-5 months of age. Further evidence suggesting a later onset of infant
vocal learning from social contingencies comes from the development
of social smiling. Although the onset of social smiling occurs at around
2 months of age, infants increase their social smiling from 2 to 5 months
(Messinger, 2005; Messinger et al., 2010). The control of social smiling
may develop in contingent social interactions similar to those that sup-
port vocal learning (Ruvolo et al., 2015). The gradual development of
vocal learning in social contexts may constrain infants’ experience of
receiving responses from people beyond their inmediate caregivers.

When in development do infants gain the ability to generalize the
social efficacy of their vocal behaviors beyond their immediate care-
givers? In the present study, experimenters participated in the still
face procedure instead of the infants’ caregivers. Evidence suggests
by 2 months of age that infants readily differentiate their mother’s
voice, face and responsiveness from that of a stranger’s (Bigelow &
Rochat, 2006; DeCasper & Fifer, 1980; Field et al., 1984; Orena &
Werker, 2021). Thus, infants have very early data from exposure to
caregiver speech, faces, and behavior that informs discriminating famil-
iar from unfamiliar adults. Once infants form expectations about their
caregiver’s responsiveness, a subsequent challenge of communicative
development is the generalization of social expectations to the behav-
ior of unfamiliar social partners, thus utilizing past experience in the
service of future communication (Tenenbaum & Griffiths, 2001). While
5-month-old infants clearly come to expect that their vocalizations
engage caregivers, the extent to which younger infants generalize their
social expectations to unfamiliar adults is presently unknown.

In sum, data from multiple domains suggests that infants’ early
social experience facilitates the development of social expectations
that guide vocal learning. From birth, infants are capable of forming
associations between their own behavior and subsequent environ-
mental events (DeCasper & Spence, 1986; Vouloumanos & Werker,
2007). Invocal learning, early associations between babbling and social
responses provide data informing the developmental construction of
predictions about the social efficacy of vocalizing. Previous research
with children has established the extinction burst as a measure of pre-
diction strength, in which the magnitude of a child’s burst response
is predicted by the strength of their prediction for a given outcome
to occur (Holton, 1961). The more history children had with a mar-
ble dispenser functioning properly, the more forceful their subsequent
button-presses after it ceased to function (Holton, 1961). Similarly,
infants’ predictions organize their vocal behavior when social contin-
gencies are removed, resulting in attempts to reestablish the predicted
outcome by increasing the vocalization rate. This attempt is the vocal

extinction burst.
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In contrast, a purely associative account of vocal learning would
not predict an extinction burst in vocalizing. After removal of a social
contingency, an associative model would predict only subsequent
decreases in vocal behavior (Rescorla & Wagner, 1972). However,
generalized expectations can emerge from action-consequence contin-
gency learning (see review in Maier & Seligman, 2016). Animals form
expectations about future events based on prior contingencies. Recent
computational work has provided evidence that school-aged children
can track their expectations about the controllability of environments
(Raab et al., 2022). That is, the extent to which one’s own actions
predict state changes in the environment above and beyond previous
states reflects the controllability of an environment. Incorporating the
efficacy of one’s own actions into their predictions about the world is
an efficient way to guide future learning (Dorfman & Gershman, 2019;
Ligneul, 2021). In this view, infants’ burst in vocal activity could be a
result of attempts to reduce the difference between expected control-
lability of social responses and observed lack of controllability during
the still-face period. Thus, we believe that action-consequence contin-
gency learning mechanisms account for the developmental emergence
of expectations for the social efficacy of babbling.

To better understand the social and developmental origins of
contextual vocal learning, in the present study we used a still-face
paradigm to elicit a vocal extinction burst in 2- and 5-month-olds. We
tested whether the level of maternal responsiveness to prelinguistic
vocalizations during naturalistic play predicted individual differences
in the VEB. We hypothesized that 5-month-olds would show a VEB but
that 2-month-olds would not. If 2-month-olds have not yet learned the
social efficacy of their babbling, then their rate of vocalizing should not
change across the still-face periods.

While our hypothesized changes in the VEB are the result of learn-
ing the social efficacy of babbling, we also assessed smiling as a
measure of infants’ noticing that social responding had ceased during
the still-face. By 2 months of age, infants show sensitivity to reductions
in social contingency by decreasing smiling (Nadel et al., 1999). Thus,
we predicted that 2-month-olds would respond to the still-face episode
with decreased smiling. However, under the social expectancy hypothe-
sis, we predicted that they would not yet show evidence of instrumental
vocal learning because their limited experience with social contingency
would not permit learning relations between their own vocal behavior
and social responses. This result would be consistent with findings of
gradual development in social smiling. We hypothesized that the level
of maternal responsiveness to prelinguistic vocalizations would be pos-
itively related to the magnitude of the VEB, as infants who receive more
contingent maternal responses to their vocalizations are more likely
to predict that their vocalizations will have instrumental social value
during the still face interaction.

In summary, we hypothesize that if 2- and 5-month-olds have
learned the social efficacy of their non-cry vocalizations, they will
exhibit a VEB, and if 2- and 5-month-olds detected a lack of pos-
itive affect in the still-face period, they will decrease their smiling
behavior. If the social expectancy hypothesis holds, we predict that care-
giver responsiveness specifically to infant vocalizations in free play will
predict the VEB.

ELMLINGER ET AL.

2 | METHODS

2.1 | Participants

Forty mother-infant dyads participated in the study. We tested 20
infants aged 2 months (mean age 2;9, range 1;28-2;27) and 20 infants
aged 5 months (mean age 5;10, range 4;19-5;17). All infants were
healthy and full-term. The final samples were approximately balanced
for infant gender (2 months: eight males, 12 females; five months:
10 males, 10 females). Parents received an infant t-shirt or bib for
their participation. An additional 25 infants were tested but excluded
from the final sample for the following reasons: crying or excessive
fussiness (2-month-olds: n = 7, 5-month-olds: n = 16), falling asleep
during the still-face interaction (2-month-olds: n = 1), and parental
interference during the still-face interaction (5-month-olds: n = 1).
Attrition rates were similar to those from other studies employing
the still-face paradigm (e.g., Hsu & Jeng, 2008 observed 20% attrition
with 2-month-olds; Yirmiya et al., 2006 observed 42% attrition with
4-month-olds).

2.2 | Apparatus

The study took place in a 3.7 m x 5.5 m room containing toys, picture
boards, and an infant seat. The session was recorded using three wall-
mounted, remotely controlled video cameras routed to a digital tape
deck (Panasonic AGDV2000) via a video mixer (Videonics MXProDV).
Infant vocalizations were recorded by a wireless microphone (Telex
FLM-22) and transmitter (Telex USR-100) that was carried in denim
overalls worn by the infants. The microphone was contained in a pocket
in the front of the overalls. The wire and transmitter were concealed
in the lining of the overalls and did not impede infants’ movement.
Infant vocalizations were routed to the left stereo channel of the
video tape recorder via an audio mixer (Mackie 1604VLZ). Mothers’
and experimenters’ speech were recorded by a wireless microphone
(Telex FLM-22) and transmitter (Telex FMR1000) worn in a pouch at
the adults’ waist. The microphone was attached to the adult’s collar.
During the still-face interaction, the experimenter wore a pair of wire-
less headphones (Radio Shack model 33-1196) so that an observer in
the control room could cue the onset of each episode. The observer’s
instructions were recorded and routed to the experimenter’s wireless

headphones and to the right stereo channel of the video tape recorder.

2.3 | Procedure

The procedure included an unstructured play period followed by a
still-face interaction. At the beginning of the play period, mothers
were instructed to play as they would at home for 10 min. The still-
face interaction always followed the play interaction because infants
often become fussy during still-face interactions (Delgado et al., 2002).
If the still-face interaction occurred first, carryover effects from the
still face might change mothers’ typical patterns of responsiveness to
infants, as responsiveness may change when infants are fussy or have
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recently been fussy. After the play period, infants participated in a 4-
min still-face interaction with an experimenter. An experimenter was
used rather than the caregiver for the still-face interaction to pro-
vide a higher level of control and consistency over the adult behavior
presented to the infants.

Our procedure follows that of a previous study, in which 5-month-
old infants demonstrated a significant vocal extinction burst during a
still face episode while interacting with an unfamiliar adult (e.g., Gold-
stein et al.,, 2009). The still-face interaction contained three episodes:
a naturalistic interaction episode (Interaction 1: 1 min), a still face
episode (2 min), and a second naturalistic interaction episode (Interac-
tion 2: 1 min; Bornstein et al., 2004; Goldstein et al., 2009). During each
interaction episode, the experimenter engaged the infant in a face-to-
face interaction. She spoke to the infant in an animated way but did not
touch the infant or engage the infant with any toys. During the still-face
episode, the experimenter maintained a neutral expression while look-
ing silently at the infant. During the still-face interaction, the infant was
seated in aninfant seat on the floor. The experimenter knelt on the floor
in front of the infant so that her face was at infants’ eye level. Care-
givers sat in a chair behind and out of view of infants while completing
ademographic questionnaire. The still-face interaction was videotaped
using a split screen, with one camera focused on the experimenter and
a second camera focused on the infant. The still-face interaction was
conducted by one of four female experimenters throughout the study.
Experimenters who conducted the still-face interaction with infants
had not previously interacted with the infant. The use of experimenters
in the still-face interaction allowed us to assess the extent to which
infants generalized the social effects of their communicative behaviors
to novel social partners.

2.4 | Coding and analysis

We counted the frequency of infant vocalizations during the play
interaction and during each episode of the still-face interaction. Each
syllable (any vocalization containing a vowel) was counted as a sepa-
rate vocalization (e.g., Goldstein et al., 2003). For example, [dada] would
be counted as two vocalizations. Vocalizations could also be separated
by a breath (e.g., [a] < breath > [a] would be counted as two vocal-
izations). Fusses, cries, and vegetative sounds such as coughs were
excluded (Oller, 2000). Smiles were coded frame-by-frame and were
defined as occurring whenever an infant contracted their zygomatic
muscle to raise either one or both lip corners (Jones et al., 1991). To
assess changes in infant vocalizations across the still-face interaction,
we calculated a difference score for vocalization frequency per minute
during the still-face episode minus vocalization frequency during the
first naturalistic interaction episode.

During the play interaction, we coded mothers’ responses to their
infants’ vocalizations. To provide a baseline level of maternal respon-
siveness, we also coded maternal responses to instances of infants’
dyadic non-vocal behavior. We categorized infants’ behavior as dyadic
non-vocal if the infants smiled at their mothers, turned to look at their

mother’s face or touched their mother (Gros-Louis et al., 2006). A
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maternal response was scored if a mother changed her behavior (e.g.,
by touching, speaking to, or smiling at her infant) within 5 s of the
offset of an infant behavior. Our previous work showed that nonver-
bal responses to babbling facilitate vocal learning at similar rates as
verbal responses (Goldstein & Schwade, 2008; Goldstein et al., 2003),
thus we report all contingent responding to infant behavior. Maternal
responses that could not be detected by the infant were not coded (e.g.,
if an infant sat with her back to the mother and the mother smiled). A
5 s threshold for detecting responses was used in accord with previ-
ous studies of communicative development in 2- and 5-month-olds and
older infants (e.g., Donnellan et al., 2020; Gilkerson et al., 2017). The
proportion of maternal responses to infants’ vocalizations and non-
vocal behavior were then calculated separately as the number of infant
behaviors in a category that elicited a maternal response divided by the
total number of infant behaviors in that category.

Infant vocalizations and maternal behavior were scored using
custom-designed software that allowed for frame-accurate annotation
of events in digital video and audio (EventCoder; Goldstein & Brod-
sky, 2006). The play interaction and still-face interaction were coded
separately to avoid possible coder bias. Behavior during the play inter-
action was initially scored by one of two coders. Twenty percent of
the play interactions were independently re-scored by another coder
to assess reliability. Reliability was calculated with interclass correla-
tions (r = 0.91 for maternal behaviors during the play session, r = 0.99
for infant vocalizations during the play session). Infant vocalizations
and smiles during the still-face interaction were also initially scored
by one of two coders. Twenty percent of the still-face interactions
were independently re-scored by another coder to assess reliability.
For behaviors during the still-face interactions, the interclass correla-
tion was excellent for both infant vocalizations (r = 0.96) and infant
smiles (r =0.97).

3 | RESULTS

3.1 | Vocalizations during the still-face interaction

We used a linear mixed effects model to test for differences in infants’
vocalizations per minute as a function of still-face episode (using the
Ime4 package in R; Bates et al., 2015). In this model, the fixed effect
was the still-face episode (Interaction 1, Still Face, Interaction 2) per
age group (2- and 5-month-olds), and the random effect was individual
subject. We compared models using likelihood ratio tests to determine
whether inclusion of a fixed effect and interaction made significant
contributions to the model. There were no significant main effects of
episode (x2 (2) = 2.87, p = 0.2379) or age (¥ (1) = 1.10, p = 0.2923),
but the episode by age interaction trended significant (y2 (2) = 4.72,
p = 0.0940). As 2-month-olds likely have greater volubility than 5-
month-old infants, the overall effect of episode may not be readily
comparable across age groups (lyer et al., 2016). As the inclusion of the
episode by age interaction into the model improved fit, and due to the
known differences in 2- and 5-month-old infants’ volubility, we further

assessed vocalizations within each age group.
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FIGURE 2 Mean vocalizations per minute during each episode of the still-face interaction, by age: (a) 2 months, (b) 5 months. Error bars

represent + 1 SE. *p < 0.05

TABLE 1 Results of generalized linear mixed model (LMM) to test whether the number of vocalizations per minute and smiles per minute

changed with still-face episode

Difference between episodes Estimate (SE)

2 months vocalizations per minute (n = 20 infants)

Interaction 1 - Still Face 0.59(1.19)
Interaction 2 - Still Face 0.96(1.19)
Interaction 1 - Interaction 2 —0.37(1.19)
5 months vocalizations per minute (n = 20 infants)

Interaction 1 - Still Face —3.03(1.19)
Interaction 2 - Still Face —-0.83(1.19)
Interaction 1 - Interaction 2 —-2.19(1.19)
2 months smiles per minute (n = 20 infants)

Interaction 1 - Still Face 3.34(0.76)
Interaction 2 - Still Face 1.21(0.76)
Interaction 1 - Interaction 2 2.12(0.76)
5 months smiles per minute (n = 20 infants)

Interaction 1 - Still Face 2.04(0.77)
Interaction 2 - Still Face 2.78(0.77)
Interaction 1 - Interaction 2 —0.74(0.77)

SE are model estimated standard errors.

t-value Effect size adjusted p-value
0.50 0.15 0.8724
0.81 0.25 0.7008
-0.31 -0.09 0.9489
-2.54 -0.80 0.0397 *
-0.69 -0.22 0.7666
-1.84 -0.58 0.1696
442 1.39 0.0002 ***
1.61 0.50 0.2550
2.81 0.88 0.0206 *
2.64 0.83 0.0308 *
3.61 1.14 0.0024 **
-0.96 -0.30 0.6007

The first column indicates which two periods of the still face interaction were being compared in the model.

To decompose the effect of episode in 2- and 5-month-old infants,
separate models were constructed per age group, each using model
parameters as above. Two-month-old infants’ vocalizations per minute
did not show a significant effect of episode (¥2 (2) = 0.69, p = 0.7072;
Figure 2a; Table 1). During the Interaction 1 episode, 2-month-
olds vocalized marginally more than 5-month-olds (3.18 + 1.64 (SE);
t = 1.94, pog; = 0.0554). No other between-age comparisons were
significantly different (ts < 0.82, ps > 0.4124).

It was possible that 2-month-old infants (who tend to have higher

volubility than older infants; e.g., lyer et al., 2016) did not change their

vocal activity over episodes because their vocalizing was already at
ceiling during Interaction 1. However, half of the 2-month-old infants
showed an increase in vocalizations per minute from Interaction 1 to
the Still Face episode (n = 10 of 20, Wilcoxon signed-rank test, V= 124,
p = 0.4980), indicating that these infants were capable of increas-
ing their volubility in the Still Face period. The increase shown by the
2-month-olds, however, was not distributed as an extinction burst
(see Changes in infant vocalizations below and Figure 4a). In contrast,
5-month-old infants’ vocalizations per minute showed a significant
effect of episode (y2 (2) = 6.66, p = 0.0357). Post-hoc tests correcting
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for multiple comparisons were derived using the emmeans package in
R (Lenth et al., 2018). A Tukey-adjusted p-value method for multiple
comparisons revealed that 5-month-olds vocalized more during Still
Face than during Interaction 1 (Figure 2b; Table 1). A significant num-
ber of 5-month-olds showed an increase in vocalizations per minute
from Interaction 1 to the Still Face episode (12 increased, one did
not change, and seven decreased, Wilcoxon signed-rank test, V = 41,
p=0.0313).

3.2 | Smiles during the still-face interaction

To test for differences in infants’ smiles per minute as a function of still-
face episode (Interaction 1, Still Face, Interaction 2) per age group (2-
and 5-month-olds) we used a mixed model as in the above vocalization
analysis. The dependent variable in this model was the number of infant
smiles per minute. As shown in Figure 3, there was a significant main
effect of episode (42 (2) = 22.37, p < 0.0001), no main effect of age
(% (1) = 0.19, p = 0.66), but a significant trial by age interaction effect
(% (2) = 7.14, p = 0.0280).

To decompose the interaction, separate models were constructed
per age group, each using model parameters as above. Two-month-
old infants’ smiles per minute showed a significant effect of episode
(% (2) = 16.92, p = 0.0002). A Tukey-adjusted p-value method for mul-
tiple comparisons revealed that 2-month-olds smiled less during Still
Face than during Interaction 1 and also smiled less during Interaction
2 than in Interaction 1 (Figure 3a; Table 1). Five-month-old infants’
smiles per minute showed a significant effect of episode (2 (2) = 12.56,
p = 0.0018). Tukey-adjusted p-values revealed that 5-month-olds
smiled less during Still Face than during Interaction 1 and also smiled
more during Interaction 2 than in Still Face (Figure 3b; Table 1). No
other between age comparisons were significantly different (ts < 1.11,
ps > 0.2698).

3.3 | Changes in infant vocalizations and smiles
during the still-face interaction

To assess changes in vocalizing during the still-face episode, we divided
the 2-min episode into eight 15-s periods, following the procedure of
Goldstein et al. (2009) and Franklin et al. (2013). For each age group,
we compared the mean number of vocalizations per 15-s period to the
last 15 s of the first interaction episode using single-sample t-tests with
Bonferroni corrections (corrected a = 0.05/8 = 0.00625). Within the
2-min Still Face episode, the number of 2-month-old infants’ vocaliza-
tions did not differ from baseline in any 15 s period, ps = 0.288 - 0.999
(Figure 4a). In contrast, 5-month-old infants’ vocalizations increased to
the midpoint of the Still Face episode (Figure 4b). The number of vocal-
izations in the midpoint time bin (from 120 to 135 s) was significantly
above baseline, t(19) = 3.11, Bonferroni-corrected p = 0.046.

To assess changes in infant smiling during the still-face episode, we
divided the episodes into 15-s periods as in the above vocalization anal-
ysis. We compared smile frequency per 15-s period to the last 15 s of
the first interaction episode with Bonferroni corrected t-tests, follow-
ing Goldstein et al. (2009). Within the 2-min Still Face, 2-month-olds’
smiling reached a minimum at 135 s (Figure 5a). 2-month-olds’ mean
number of smiles was significantly below baseline from 75 s through
the end of Still Face, ts (19) < —3.53, Bonferroni-corrected ps < 0.05.
Within the 2-min Still Face, 5-month-olds infants’ smiling reached a
minimum at 120 s (Figure 5b). 5-month-olds’ mean number of smiles
was significantly below baseline from 105 to 135 s, t(19) < —4.70,

Bonferroni-corrected ps < 0.01.

3.4 | Infant behavior and caregiver responses
during free play

To assess infants’ behavior during free play with caregivers, we calcu-

lated the number of infant vocalizations per minute, and the number
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FIGURE 4 Mean vocalization frequency during the still face
episode, in each 15 s period. Error bars represent + 1 SE. (a)
2-month-old infants (b) 5-month-old infants. The grey shaded area
from 60 to 180 s represents the duration of the still face episode. The
red dashed line indicates baseline, defined as mean vocalization
frequency during the last 15 s of the first naturalistic interaction. Mean
vocalization frequency in each 15 s period was compared to baseline
with Bonferroni-corrected t-tests. * Bonferroni-corrected p < 0.05

of infants’ dyadic non-vocal behaviors per minute across the dura-
tion of their free play session (Mg, = 10 min, 7.93 s, SDy,, = 10.66 s).
Two-month-olds vocalized 5.76 (SD = 3.62) times per minute on aver-
age, while 5-month-olds vocalized 3.15 (SD = 2.38) times per minute
on average. These vocal rates are comparable to previous descrip-
tions of infants’ volubility during free play with caregivers (lyer et al.,
2016). Two-month-olds engaged in dyadic non-vocal behaviors 0.74
(SD =0.86) times per minute while 5-month-olds did s0 0.96 (SD = 0.84)
times per minute.

To gauge caregivers’ natural responses to their infants’ behaviors
during free play, we derived the proportion of infants’ behaviors (vocal-
izations and dyadic non-vocal behaviors) which elicited a caregiver
response. 74% (SD = 12%) of 2-month-old infants’ vocalizations elicited
a caregiver response, while 67% (SD = 18%) of 5-month-old infants’

vocalizations did. These response elicitation rates are consistent with
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FIGURE 5 Mean smile frequency during the still face episode, in
each 15 s period. Error bars represent + 1 SE. (a) 2-month-old infants
(b) 5-month-old infants. The grey shaded area from 60 to 180 s
represents the duration of the still face episode. The red dashed line
indicates baseline, defined as mean smile frequency during the last 15
s of the first naturalistic interaction. Mean vocalization frequency in
each 15 s period was compared to baseline with Bonferroni-corrected
t-tests. *** Bonferroni-corrected p < 0.001, ** Bonferroni-corrected

p < 0.01, * Bonferroni-corrected p < 0.05

previous reports of caregiver responses to young infants’ vocaliza-
tions during unstructured play in laboratory settings (Albert et al.,
2018; Gros-Louis et al., 2006). 74% (SD = 35%) of 2-month-old infants’
dyadic non-vocal behaviors elicited a caregiver response, while 60%
(SD = 34%) of 5-month-olds elicited a response.

To test whether infants inhibited their vocalizations during the still-
face interaction, we compared the rate of vocalizations (calculated as
number of vocalizations per minute) in the free play session to the rate
of vocalizations in the first two periods of the still face interaction.
Older infants vocalized more during the Still Face episode than during
the free play session (Mstij Face - free play = 3-42, SD = 2.38), t(19) = 2.89,
p = 0.0093. There was no significant difference in rate of vocalizing
between 5-month-old infants during their Interaction 1 episode and
their play session, p = 0.7830. For the 2-month-old infants, there was
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no significant difference between rate of vocalizing in the play session
and either still-face episode, ps > 0.5090.

3.5 | Testing the social expectancy hypothesis by
comparing behavior between free play and still-face

The social expectancy hypothesis predicts that the magnitude of indi-
vidual infants’ vocal extinction burst (VEB) may be predicted by the
extent to which infants’ vocalizations reliably elicit caregiver responses
during free play (Figure 1). To test this hypothesis, we investigated the
relation between the magnitude of the VEB during the still-face and
caregiver responsiveness to infant vocalizations during free play. We
correlated the still-face difference score (calculated by subtracting the
number of infants’ vocalizations per minute during Interaction 1 from
their vocalizations per minute during Still Face) with the proportion
of infant vocalizations which elicited caregivers’ response during the
free play interaction. For 2-month-old infants, the magnitude of the
VEB was not significantly correlated with caregiver responsiveness to
vocalizations during free play, r (18) =-0.02, p = 0.913. In addition, the
VEB was not significantly correlated with caregiver response to dyadic
nonvocal behaviors, r (18) = -0.08, p = 0.707.

In contrast, for 5-month-old infants, the magnitude of the VEB was
positively correlated with the proportion of infant vocalizations which
elicited a caregiver response during free play, r (18) = 0.55, p = 0.011
(Figure 6). We found no significant correlations for either 2- or 5-
month-old infants between vocalizations per minute in any still face
period and caregiver responsiveness to vocalizations in free play (all
ps > 0.07). Five-month-olds’ VEB was not correlated with the propor-
tion of infants’ dyadic non-vocal behaviors which elicited a caregiver

response, r (18) = -0.18, p = 0.43. These results are consistent with
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the hypothesis that infants’ expectation for social responses following
their own vocalizations predicts the magnitude of their VEB (Figure 1).

Infants may have exhibited vocal bursts by chance during the still-
face period. To control for this possibility, we assessed the relation
between volubility during free play and the magnitude of the VEB. As
before, the VEB was calculated by subtracting the number of infants’
vocalizations per minute during Interaction 1 from their vocalizations
per minute during Still Face. We found no significant relations between
the frequency of infants’ vocalizations per minute during any of the
still-face episodes, including the VEB, and 2- and 5-month-old infants’
volubility during unstructured play with caregivers, rs (18) < 0.18,
ps > 0.433. Specifically, 5-month-old infants’ volubility (vocalizations
per minute) during the entire free play period did not correlate with
their VEB during still-face, r(18) = -0.06, p = 0.801. Thus the VEB was

unlikely to be due to chance bursts of vocalizing.

4 | DISCUSSION

Between 3 and 5 months of age, infants learn that their prelinguis-
tic vocalizations change the behaviors of social partners. Our findings
show that by 5 months, infants come to expect their caregivers to
be responsive to their vocalizations, and they generalize this expecta-
tion to novel social partners. Five-month-olds significantly increased
non-cry vocalizations from the first naturalistic interaction episode
to the still-face episode and then trended in a decreasing direction
until the second naturalistic interaction episode. Infant vocalizations
increased to a peak at the midpoint of the 2-min Still Face episode, fol-
lowed by a decrease to the end. The initial increases in vocal activity,
immediately followed by a decrease is characteristic of a vocal extinc-
tion burst (VEB). This result is consistent with previous findings of
contextual vocal learning in 5-month-olds (Goldstein et al., 2009) and
6-month-olds (Bourvis et al., 2018; Franklin et al., 2013).

The expectation for caregiver responsiveness in 5-month-olds
appears to be learned during everyday social interaction when care-
givers promptly and contingently respond to their infants’ non-cry
vocalizations (Ritwika et al., 2020). Individual differences in 5-month-
olds’ vocal extinction bursts during the still-face were positively corre-
lated with caregiver responsiveness to infant vocalizations during the
free play interaction (Figure 6). Although caregivers also responded
frequently to infants’ non-vocal dyadic behavior (e.g., infants’ smiling),
responsiveness to non-vocal behavior did not predict the magnitude
of the VEB. Thus, infants’ expectations were specific to the effects of
their vocalizations. In addition, infants’ volubility during free play with
caregivers did not predict their VEB.

In contrast to the instrumental vocal learning shown by the 5-
month-olds, 2-month-old infants did not change their rate of vocalizing
during the Still Face episode. These younger infants do not yet show
evidence of instrumental vocal learning. In addition, there was no rela-
tion between the 2-month-olds’ rate of vocalizing during the Still Face
period and caregiver responsiveness to their vocal or non-vocal behav-
ior, even though caregivers of 2- and 5-month-olds showed similar

levels of responsiveness to prelinguistic vocalizations.
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The reduction in smiling in the still-face interaction indicates that
both 2- and 5-month-olds recognized their social partners’ unrespon-
siveness and decreased their positive affect (Northrup et al., 2019).
Why did infants not use smiling as a way to reestablish responsive-
ness? There are at least two possibilities for the lack of burst in infants’
smiling during the still-face. One possibility is that the temporal struc-
ture of typical interaction consists of temporally overlapping smiling
behaviors with fewer opportunities for learning contingencies, as in
vocal turn-taking where overlapping interruptions are rare (Bigelow
et al, 2018; Levinson, 2016). The temporal structure of reciprocal
vocal turn-taking may afford more opportunities for learning the social
efficacy of vocalizations than does mutual smiling. Another possibil-
ity is that the extinction of a social partner’s positive affect overrides
any infant propensity for smiling (Messinger, 2002). While infants use
vocalizations to express a range of emotional content, infant smiles
may be relatively constrained to positive affect contexts (Oller et al.,
2013).

The overall pattern of results suggests that the emergence of instru-
mental vocal learning occurs between 2 and 5 months of age. Our
results point to infants’ vocal interactions with caregivers as an impor-
tant source of early individual differences in learning the social efficacy
of their sounds. These findings give developmental context to previous
work that has shown a VEB in 5-month-olds (Goldstein et al., 2009) and
6-month-olds (Bourvis et al., 2018; Franklin et al., 2013).

Taken together, our results are consistent with the social expectancy
hypothesis. Instrumental vocal learning - learning that vocal behav-
ior has social effects - emerges over time, with social contingency
perception as an important mechanism. The development of infants’
instrumental vocal learning is supported by the incremental associa-
tive learning of expectations that their vocalizations will have prompt
effects on social partners. Through many iterations of everyday vocal
turn-taking with caregivers, infants build predictions about social
responses to their vocalizations. Thus, a precursor to an advanced
pragmatic and social skill - influencing others - is learned through
the accumulation of simple social contingencies. Initially, social influ-
ences on vocal learning are limited by infant’s restricted ability to learn
from the imperfect contingencies that characterize parents’ reactions
to infant vocal behavior. Evidence from non-social paradigms suggests
similar constraints and show that learning of imperfect contingencies
gradually increases from 2 to 3 months of age (Wentworth & Haith,
1992). Thus, the 2-month-olds in the present study either cannot learn
or have not had enough opportunities to learn the social efficacy of
their vocalizations, given caregivers who respond with typical con-
tingency levels. A likely precursor to contextual vocal learning is the
presence of 2-month-old infants’ social bidding during the still-face,
defined as visually attending to the mother while also smiling or making
non-distress vocalizations (Bigelow & Power, 2016; Nadel et al., 1999).
Such social bidding was predicted by maternal responsiveness to smiles
and vocalizations during the interaction period prior to the still-face
(Bigelow & Power, 2016). In the present study, with changes in vocal-
ization amount from interaction to still-face as the primary measure,
instrumental vocal learning was predicted by the responsiveness of the

social environment specifically to non-cry vocalizations.
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In our view, a primary task of early communicative development
is learning the instrumental value of vocalizing. The social expectancy
hypothesis also illustrates how the early developmental challenge of
learning how to learn the social power of one’s voice gives rise to
the social feedback loop that characterizes more advanced vocal
learning over the first year. Participating in the social feedback loop
facilitates sociopragmatic skills in three ways. First, imperfectly pre-
dictable environments organize infants’ attention (Kidd et al., 2012;
2014). The social feedback loop is characterized by imperfectly pre-
dictable social responses, which organize infants’ attention around
moments when adults produce mature speech (Miller & Gros-Louis,
2013; Miller et al., 2009). Second, as infants refine their predictions
about the social consequences of vocalizing, their more accurate pre-
dictions likely facilitate more accurate acoustic representations of
mature caregiver speech. A candidate mechanism of this is the acti-
vation of dopaminergic reward circuitry when predictions increase in
accuracy (Schultz et al., 1997). Reward signals in cortico-basal ganglia
circuits are thought to be an important component of speech produc-
tion learning (Ackermann et al., 2014; Guenther, 2016; Syal & Finlay,
2011). Recent studies have shown that dopaminergic reward from
increasing prediction accuracy can facilitate learning about the sensory
features of what is being predicted (Sharpe et al., 2017). Third, infants’
production of more mature vocalizations facilitates caregiver respon-
siveness (Abney et al., 2016; Albert et al., 2018; Goldstein & West,
1999). By responding to more mature infant vocalizations over infants’
development, caregivers provide acoustic scaffolding for their infants’
vocal development (Goldstein & Schwade, 2010).

When infants learn that they are active agents in a social feed-
back loop, they have achieved a sophisticated step towards rapid,
mature communication, in which online predictions about social
responses temporally unfold simultaneously with ongoing vocal pro-
duction (Corps et al.,2017; Levinson, 2016). Thus, the prelinguistic VEB
should have predictive power for later developments in communica-
tion and language. Indeed, infants’ development of expectations for
the social consequences of their vocalizing predicts advances in prelin-
guistic vocal learning and language in the second year. The magnitude
of 5-month-olds’ vocal extinction burst is positively related to infants’
receptive language development at 13 months (Goldstein et al., 2009).
Our findings suggest that caregiver responsiveness to infant vocaliza-
tions may facilitate both prelinguistic and early language learning, once
infants can perceive the imperfect contingencies that characterize
social interaction. As vocal development proceeds, it continues to be
influenced by the social environment. Caregiver responsiveness to the
babbling of 9-month-olds predicts later language development at 13-
15 months (Goldstein & Schwade, 2010; Rollins, 2003; Tamis-LeMonda
& Bornstein, 2002; Tamis-LeMonda et al., 2001).

In our view, vocal turn-taking with caregivers serves to gradually
construct infants’ expectations for rapid social effects of their own
vocal activity. In their everyday learning environment, contingencies
between infants’ own behavior and environmental changes are imper-
fect and context dependent. In-home recordings of 4- to 14-month-old
infants show that caregivers verbally respond to approximately 30%

of infants’ vocalizations (Fagan & Doveikis, 2017). These imperfect
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contingencies are slowly learned over the first several months. In 4-
month-olds, imperfect contingencies are learned at a lower rate than
perfect contingencies between infants’ arm movements and music
stimuli (Sullivan & Lewis, 2003). In the domain of vocal development,
prelinguistic vocalizations reliably organize their caregivers’ behav-
ior (e.g., Albert et al., 2018; Elmlinger, Schwade et al., 2019, 2019b;
Goldstein & West, 1999; Gros-Louis et al., 2006; Kremin et al., 2021;
Northrup et al., 2019; Papousek & Papousek, 1989; Warlaumont et al.,
2014). The moments after an infant vocalization are marked by distinct
affective and linguistic changes in caregivers. For example, caregivers,
even in non-Western populations, simplify the syntactic and lexical
complexity of their speech in response to immature vocalizations (Elm-
linger et al., 2022). Thus, the statistics for infants to form seemingly
sophisticated assumptions about the efficacy of their vocalizations are
present in their early learning environment.

Though we showed the efficacy of imperfect contingencies on
learning, we also showed a positive relationship between caregiver
responsiveness and the VEB. Even at higher response rates, caregiver
behavior will generally not rise to 100% contingency. From the infant’s
point of view, even high levels of responsiveness are still imperfect.
Infants whose parents respond at higher rates are being given more
evidence of the social efficacy of their vocalizations. Such parental
input builds infants’ expectations for future responses, and the extent
to which infants entrench their expectations for the social efficacy of
vocalizing is captured by infants’ reaction to their expectations being
violated.

Not all vocalizations have equal social potency. The directedness
of infants’ vocalizations predicts the structure of caregivers’ immedi-
ate response (Albert et al., 2018). Few studies have assessed caregiver
response rates to infant vocalizations which are specifically directed to
caregivers. A recent longitudinal study revealed that infants’ caregiver-
directed vocalizations that elicit responses are an important predictor
of early word production (Donnellan et al., 2020). Future studies should
investigate the relations between caregiver-directed vocalizations,
caregiver responsiveness, and infants’ instrumental vocal learning.

By 5 months, infants appear to be generalizing their expectations
for the social effects of their vocalizations beyond their immediate
caregivers. For generalization to be possible, infants must first be able
to distinguish between their caregivers and unfamiliar adults - a pre-
requisite that 2-month-olds typically meet (Bigelow & Rochat, 2006;
DeCasper & Fifer, 1980; Field et al., 1984). In our view, infants of this
age have not been exposed to enough vocal turn-taking with social
partners to form expectations of social responsiveness to their vocal-
izations. In contrast, 5-month-olds have learned that their vocal activ-
ity predicts adult responses (both caregivers and unfamiliar adults;
Bourvis et al., 2018; Franklin et al., 2013; Goldstein et al., 2009). Find-
ings of a VEB with unfamiliar adults is evidence that infants have
generalized this prediction.

What underlying mechanisms connect the coordinated emergence
of social and vocal learning? Over the course of development, infants
are intrinsically motivated to reduce their uncertainty about the world
(Oudeyer & Smith, 2016). This uncertainty reduction is both reward-

ing to infants, and influential over what is learned next (Wade & Kidd,
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2019). When 10-month-old infants engage in a novel social interac-
tion, they appear to find the contingent responses of a non-humanoid
robot rewarding, as they allocate more attention to its behaviors and
are more likely to follow its “gaze” than do infants to a non-contingent
robot (Movellan & Watson, 1987). The extent to which infants find
a learning event rewarding is likely predicted by the learning rate or
learning progress accrued from the event (Kaplan & Oudeyer, 2004).
When a learning event is too complex or already well-understood, the
expectation for potential reward is low because the event offers mini-
mal learning opportunities (Kidd & Hayden, 2015). Evidence regarding
the role of reward in speech development comes from fMRI record-
ings which show that children’s individual differences in functional
connectivity between speech perception and reward circuitry predicts
their social-communicative outcomes (Abrams et al., 2013; Abrams
et al.,, 2016; Abrams et al., 2019). The 2-month-olds in our study are
not likely to have encountered enough social response opportunities
to make learning progress associating their own vocalizations with
changes in adult behavior. Infants’ learning progress associating their
vocalizations with social responses has been argued to drive further
engagement with social stimuli over the course of development (see
Masek et al., 2021 for thorough review).

There are advantages to learning from less predictable, imperfect
contingencies. Learning from variable, imperfect predictability allows
for longer maintenance of behavior in the absence of feedback (Amsel,
1958, 1962; Bacon, 1962; Festinger, 1961; Mackintosh, 1975). Vocal
patterns learned under imperfect predictability will remain robust to
disruptions of interaction and/or caregiver distractions that might cre-
ate increased inconsistencies or gaps in their responsiveness. In addi-
tion, studies of infants’ detection of statistical patterns in phonology
and speech input have demonstrated that infant learning and general-
ization are facilitated by the inclusion of variability in the learned input
(Gémez & Maye, 2005; Rost & McMurray, 2009; Vukatana et al., 2015).

In summary, our understanding of early communicative develop-
ment is enhanced by connecting vocal reactions to the still face to
characteristics of the social environment. Our finding that mothers
of younger and older infants showed similar levels of responsiveness
to vocalizations supports our claim that changes in infant learning
occur between 2 and 5 months. We believe that early vocal devel-
opment is initially constrained by infants’ restricted ability to learn
from the imperfect contingencies of typical social interaction. As the
ability to perceive and learn from imperfect contingencies develops,
vocal development becomes a socially situated process, related to
maternal responsiveness, that allows instrumental vocal learning and
eventually speech usage to occur. Current studies in our laboratory
are investigating the relative contributions of caregiver responsiveness
and domain-general learning mechanisms (i.e., social and non-social
contingency perception) to instrumental vocal learning and speech

precursors to determine the forces driving vocal development.
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